Characteristics of charcoal made from used paper and utilization as a culture medium for basidiomycetes by 今西, 隆男
















Characteristics of charcoal made from used paper and utilization
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札幌市 仙台市 東京都（区部） 名古屋市 京都市 神戸市
紙 25.8 37.3 52.5 39.6 33.3 36.9
繊維 4.3 3.3 4.0 2.8 2.8
木・竹・わら 4.0 1.6 9.0 5.1 1.0 7.6
ゴム・皮革 14.7 0.4 0.2 0.4 1.2
プラスチック 14.6 6.9 12.7 15.2 11.1
金属 1.5 0.8 0.4 1.7 2.8 1.1
ガラス 1.7 0.9 0.2 1.7 2.9 0.9
陶器・土石 0.4 0.2 2.4 1.8
厨芥 46.3 38.1 26.6 31.3 36.2 40.6
その他 1.7 2.6 - 4.7 2.2
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?????????????? ???????????? ? ?????TG 5 mg Pt
????????????? ????????????????????200 ml/min
??????????? ? ? ? ? ? ????? ?????5 /min 10 /min 20 /min 600
??????????????? ??????????????????????1
???????????????????????????????????
? ?? ?????? ??? ??????????ADVANTEC FILTER PAPER 99 ??
?????????????????????????? ????????????
??????????????????????????????????????
?? ?? ?????????????105 24
???????????2.2.2
?????????? ??????? ?? ???????? ?0.8L 20g 500 ml 30
??????????????????????????????????????
? ? ? ???? ?? ???? ??????????? ????????20 mm 200 kgf
20 mm 30 mm 105 48 3?? ??? ???????? ?? ???????? ??? ? ?
? ???? ???????????????????????????mm 1 5 mm
????? ????????????????????????? ??WS002 TMA
????????????? ????????????????????200 ml/min




?????????????? ????? ? ?????????200 ml/min 10 /min?
? ? ? ????????? ? ? ? ??? ???????????280 340 370 420 800
JSM-5310 SCANNING??????????????????????????
???????????????? ?????????????MICROSCOPE 200






40 mm 1000 mm 200 ml/min ,???? ??? ?? ????? ?????? ??? ? ? ? ? ?
? ?????? ???????????????? ????????8 /min 800 100
???? ????????? ????????????????????1 ml 1 ml
??? ???????????????????????????????GC-8A
??????????????????????????????????????
????? ????????????????? ??????????????15? 4






??????????????????????? ? ?????????10 /min
??????????????? ???????????? ??Fig. 2 - 5 6? 200
??????????? ????????? ?????????????280 380
????? ????????????? ????????????????600 15
????? ??? ??????????????????????????250 400
??? ?????????????????????????????????340
?????????????????? ?????????????? ??260 320
? ????????????????????????? ????????380 360
??????????????????? ?????????????? ?200 230
?? ???????????????????? ????????????310 290
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Weight change of used paper, cellulose,Fig. 2 - 5
xylan and lignin during carbonization
Derivative thermo gravimetric curve of used paper, cellulose,Fig. 2 - 6 ?
























































Weight change of used paper during carbonizationFig. 2 - 7

































































????????? ??????????????? ?2 16?
Production mechanism of levoglucosan from cellulose pyrolsisFig. 2 - 9
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???????????????? ??????? ??? ??????? ??a b c T
???????
? ? ? ? ? ? ?f T =a exp b T-c 2
?????????????????? ? ?????????? ? ?????f1 T f2 T
????????????????????????????????????
? ? ? ? ? ?f T =f1 T +f2 T
? ? ? ? ? ? ? ?=0.75exp -0.00095 T-613 + 1.20exp -0.002 T-6222 2
? ? ? ? ????????????????????? ??? ?Fig. 2 - 11 f1 T F2 T
???????????????????????????????










?????? ? ? ? ? ? ?f T =f1 T +f2 T
? ? ? ? ? ? ? ?=0.25exp -0.00095 T-613 + 0.82exp -0.002 T-6222 2
???????? ? ? ? ? ? ?f T =f1 T +f2 T
? ? ? ? ? ? ? ?=0.43exp -0.00055 T-590 + 0.26exp -0.006 T-6172 2





Derivative thermo gravimetric curve of cellulose during carbonizationFig. 2 - 10 ?
































































Derivative thermo gravimetric curve of used paperFig. 2 - 12 ?
and cellulose during carbonization

































































Experimental value of used paper




Derivative thermo gravimetric curve of used paper during carbonizationFig. 2 - 14 ?
????????2.3.3
????????????????????????? ???????Fig. 2 - 15
??? ????????????? ???????????? ????260 310 400
??????????????? ?????????????? ?????600 70
??????????????????? ?????????????????20
????????????????????????????
































































Experimental value of Used paper
Calculated value of Used paper
Calculated value of  Hemicellulose
Calculated value of  Cellulose
- 28 -
?????????????????2.3.4
???????????????? ????????????????Fig. 2 - 16
??????????????????????????????????????
???????? ?????????????????? ????Table 2 - 1 280
????? ? ?????? ? ????? ? ?????????20.1 m 13.3 m 33.4 m
????? ???????? ? ? ????????????????340 15.9 m 20
? ? ????????? ? ? ???????????????14.9 m 12 30.8 m 8
???? ??????? ? ?????? ? ????? ? ?420 13.7 m 11.3 m 25 m
??????????? ?? ?????????????????????280 100








SEM photograph of charcoal made from used paperFig. 2 - 16
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Change of width of carbon and between carbonsTable 2 - 1







? ?????????????????? ????????????? ??17? 4 150
??????????????? ?? ?????????????????150 240
??? ?? ?????????? ? ?? ? ??????????240 400 C O C C
???????? ??????????????? ?400 18?
?? ?????????????? ?????????????????19? 1100
200 1 200 300 20 300 400 22????? ???? ?? ?? ???? ?? ? ????
400 500 10 500 600 10 600 700 12?? ? ???? ?? ?? ???? ?? ? ????
700 800 9 800 900 6 900 1000 5 1000? ? ???? ? ? ???? ? ? ???? ?? ? ? ?
? ???? ??????????????????? ? ?????1100 5 300 500
Temperature Width of  carbon Width between carbons Total
℃ μm μm μm
280 20.1 13.3 33.4
340 15.9 14.9 30.8
370 13.9 14.6 28.5
420 13.7 11.3 25.0























??????????????? ????????????? ??????90 1100
?????????????????????????????? ?????1100
1100 30 26??? ????????????????????? ????????
?????? ??????13
??????????????????? ???????????????1 ml
????? ??????????? ??????????????Fig. 2 - 18 1 ml
?????? ? ??????? ???????????? ??8 /min 200 ml/min 5 g?
Table 2 - 2????????? ??????????????????????100 ,
?????????
V= v1+v2 /2 100/8 200? ? ? ?
? ??????????????? ?V 100 ml
????? ?????????? ????????? ?v1,v2 100 1ml ml
???? ? ? ??????? ????8 /min 1 200 ml/min
??????? ?????? ?? ?????????????602.8 ml 4.27g 800
??? ?????? ????????????????????????855 ml 70
???????? ?????????????????? ??????1 ml 300 400
4.2 2.5 0.2 0.1 500???? ????? ? ????? ? ??? ? ?? ?????? ? ? ? ?
? ? ? ???????????? ? ?????? ????? ?????? ?0.7 1.5 0.2
0.8 600 1.5 1.3????? ???????? ?????? ????????????
????????? ??????? ???????????????????1 700
800 4??????????????????????????? ????????
28 27 10 35???????????????? ??????? ????? ????
300???? ????????????????? ?? ??????????? ? ? ?
2 300 400 16 400 500 21 500 600??????? ? ? ???? ? ? ???? ? ?? ? ?






Change of components of generated gasFig. 2 - 18
during carbonization process of used paper
Amount of components of generated gas during carbonization processTable 2 - 2
? ?of used paper ml/ 5g
??2. 4
??????????????????????????????????
?????????? ???????? ????????????? ?200 280 380
????????????????????? ????????? ???400 600
????????? ?????????15





200-300℃ 300-400℃ 400-500℃ 500-600℃ 600-700℃ 700-800℃ Total
H2 0.9 2.8 19.5 69.7 117.0 209.8
CH4 2.7 12.6 22.1 16.2 6.8 60.5
CO 31.1 48.6 33.3 27.9 26.3 167.2
CO2 12.6 64.7 60.7 13.6 7.1 6.5 165.3
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??????????????????????????? ??????Fig. 3 - 1
???????????? ?????????? ?????????van Krevelen 1?
??????????????????????????????????????
????????
Krevelen diagram for carbonized materials.Fig. 3 - 1







600 600 700?????????? ????? ???? ?????????? ?? ? ?
??????????????????????????????????????












?????????? ??????? ??? ?????? ??0.8L 20g 500 ml 30
??????????????????????????????????????
20 mm 200 kgf 30?? ?? ????? ????????? ??????? ???? ? ?
???? ???????????????? ?? ???????mm 20 mm 105 48
??????????????????????????????????????
?????????? ??? ?????????????????40 mm 1000 mm
?????????? ? ??????????? ???????????10 /min 60
??????????????????????????????????????
?????????????????????????????????????
? ?? ??????g/cm3 3?
? ??? ??????????????????????????????????
????????????????????????????????? ?70 mm
?? ???????????????????????????????100 mm ,




??????? ?????????????????????????Fig. 2 - 16
??????????????????????????????????????
Fig.????????????????????????????????????
??? ????????? ?????????????????3 - 2 25 nm 0.4 nm
IUPAC Intgernational Union of Pure and Applied???????????? ???? ?4?
?????????????????????? ????????Chemistry 50 nm




?Fig. 3 - 2 Schematic presentation of pores 4
???????????? ??????????????????????1 nm
?????????????? ? ? ????????PASCAL140 440 Thermo Quest
??????????????????????????????????????
??????????????????????????????????????
?? ???????????????????? ????????200 kPa 400 MPa




? ? ??? ?p r 2 cos
?????? ????????????????? ?r p 480 dym/cm
?????????? ??141.3
????? ? ????????????????????????????0.1 m
????????????????????? ??????????NOVA1200 60
? ????? ?????? ?? ????????? ??????? ?0.2 g 300 1 -196
0.1 0.2 0.3 BET? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
? ? ?? ??????????????????????Brunauer-Emmett-Teller 3 6?
???? ?????????????BJH
?????????????????????????????????????







??????? ???????? ? ????????????pH JIS K 1474 607?
????? ? ????????????? ??????????1.0g 200 ml 100 ml
?? ?????????????????? ???5 DIGITAL pH METER HM-60V
???????????????
??3.2.5
?????????????????????? ?? ?????????1000 1
?????? ?????????????????????????????0.4g
? ?????? ?????????????????????X 3270
? ???3.2.6 NaOH HCl
???? ? ????????????????????? ? ???NaOH HCl 608?
?????????????? ? ????? ? ?0.2g 0.02N-HCl 0.02N-NaOH 25 ml
?? ? ????????? ??????????????????200 rpm 24 8 ml




??????????????????????? ???? ???Fig. 3 - 3 300
???? ????????? ?????????????? ??????45 600 800
????????????????????????????????????23
???? ??????? ?????????????? ??? ???8? 500 300 400
????? ???????? ??????????????????????15 5
??????????????????????????????????????
? ? ??????? ???????????????????? ???? ? ?260 380












Yield of charcoal carbonized at various temperaturesFig. 3 - 3
??3.3.2
??????3.3.2.1
260 400 20 600 200?????????????? ??? ???? ??? ????
???????????????????????????? ???????1 nm
260 1,500 mm /g???????? ???????????? ???Fig. 3 - 4 5? 3
???????? ??? ??????????? ??????360 3,200 mm /g 6003
??? ?????????????????????????????3,800 mm /g3 ?
??????????????????????????????????????
???????????????
???????? ??????????? ???????????0.15 Fig. 3 - 6
1 m 676 mm /g 13 1 10 m 1,147 mm /g 23 10?? ? ??? ??? ? ? ? ? ? ?3 3? ?? ??
? ? ? ? ?? ? ? ? ? ?????1,000 m 3,197 mm /g 63 , 1,000 10,000 m 51 mm /g 13 3
???????? ? ?? ? ????????????????5,070 mm /g 87 1 m3






















?????????????? ? ????????????????????1 m
????????????????????? ?????????????Fig. 3-7
260 90 mm /g 400 280????????????????? ??? ???? ???3
?????? ?????? ?????????????????mm /g 600 380 mm /g3 3
300 mm /g 260 1,400?? ?????????????????????? ???3
???? ??? ?????? ?????? ?mm /g 360 3,000 mm /g 600 3,400 mm /g3 3 3





























Average pore diameter at various carbonization temperaturesFig. 3 - 5




























Charcorl from used paper



























Volume change of small and large pores during carbonizationFig. 3 - 7
1.13??????????????????? ??????????Table 3 - 1
? ?????????????????????????????1.40g/cm3
0.14g/cm 3 1 6,200 mm /g3 3????????? ????? ?? ????? ????? ?
????? ??????? ???????????????????????2.5 5




Density and pore volume of charcoalTable 3 - 1
Material Bulk density Real density Pore volume Pore ratio
Carbonization
temperature
g/cm3 g/cm3 mm3/g % ℃
Used paper 0.14 1.13 6,200 87 600
Sugi wood 0.31 1.40 2,500 78 600





























??????? ? ???????????? ???? ??BET 0.1 m 500Fig. 3 - 8
600 900 1,000???????????? ????? ??????????????
????????????????????????????? ??? ??500 600
???????????????????????? ?? ???????700 1000
???? ????????????????????? ???Fig. 3 - 9 10 nm 2 nm




































? ?Fig. 3 - 9 Pore size distribution at carbonization temperatures 700 , 1000
???????????3.3.2.3
???????????????? ???????????????????800
?? ???????????????????????????????Fig. 3 - 10
1 m?????????????????????????????????? ?
0.1 0.6g/cm 680 mm /g?????????????????????? ? ?????3 3
?? ???????????????????????????????320 mm /g3
??????? ?? ????????????? ????4,400 mm /g 500 mm /g 0.63 3
??????????????????????????????????????
???????????????????????????????????
0.2g/cm 13?? ????????????? ???????? ???? Fig. 3 - 11 3
? ?????????????????????? ?? ? ????m 0.6g/cm 1 m3
????????
????????3.3.3
?????????????? ????????????? ?Fig. 3 - 12 0.15
???????????? ? ????????? ??0.25g/cm 0.08 0.13g/cm 0.923 3
??????????????????????????????????????
?????????????????????????????????? ??20






























Relationship between bulk density and pore volumeFig. 3 - 10
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Change of bulk density before and after carbonizationFig. 3 - 12




























) Used paper 100%
Husk of paddy 20%
Beer dreg 50%
Beer dreg 50%
Husk of paddy 20%
Used paper 100%

































??? ????????????????????????? ???Fig. 3 - 14 pH 8
pH 500?????? ?????? ???????????????? ??? ?? ? ?
??????????? ?????????????? ??? ? ??600 1000 pH 9
pH 800 1000 pH 7.5?????????????? ? ?????????? ?? ?











pH change of charcoal from used paperFig. 3 - 14















? ?Table 3 - 2 Contents of ash elements of charcoal from used paper and wood Nara
wt %






? ? ? ??????????? ??????? ????????? ?????????
??????????????????????????????????????
???????????????????????????? ?12?
??????????? ??? ????? ???? ??HCl NaOH HClFig. 3 - 15
900?????????????????????????????????????








NaOH HCl NaOH??????? ??? ????????????????????
?????? ???????????????? ????????? ?500 HCl 900
?????????????????????????
Na2O K2O MgO CaO Al2O3 SiO2 Fe2O3
Charcoal made
from used paper 0.7 0.5 3.0 11.0 19.0 63.0 2.2
Charcoal made
from wood (Nara) 5.01 45.62 0.23 0.9 1.76
   * Concentration of each oxide contained in incinerated charcoal
16.29
- 47 -
Change of adsorption of NaOH and HCl during carbonizationFig. 3 - 15
??3.3
?????????????????????????
??????????? ????? ??????800 23
?????????????????????????????? ? ???250 400
?????




? ? ? ????????????? ?? ????? ???????????????
?????????????????































g)    NaOH　adsorption
   HCl   adsorption
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?????? ?????? ???????????????? ???NaOH 500 HCl
?????? ????????????????????900
????
? ? ? ?1 Koei Nishimiya Toshimitsu Hata Yuji Imamura Shigehisa Ishihara J.Wood Sci.,? ? 44
? ?56-61, 1998
????????? ? ? ? ?2 5 , 473-482, 199948
??????????????????????????????? ?? ?3 52 2000
?????????????? ?????????? ? ?4 72, 1996?
???????????????????? ?????????? ? ?5 124, 1996?
???????????????????????? ?? ?6 24-26 1992
????????? ??????? ? ?7 JIS K 1474 , 1991
???????????????????????? ? ? ? ?8 3 , 132-139, 200047
??????????????????????????????????????9
??? ?? ?194 1990
???????????????????? ? ? ??????? ? ?10 5 41, 1993? ?? ?
???????????? ?? ?11 248 1998
?????????????? ?????????? ? ?12 69, 1996?









???? ????? ?pH 1?
?????????????????????????????????????
????????? ? ?????????????????????????20 30
??? ? ???????????????????????????????35 40
??????????????????????????????????????




?????????? ?????????????????? ??????pH pH
?????????????? ??????????????????????pH
????????? ???????????????????????????pH






















?????????? ??????? ??? ?????? ??0.8L 20g 500 ml 30
??????????????????????????????????????
80 mm 80 mm 80 mm 105 48?? ? ? ??????????????????? ??
400 mm 500???????? ??????? ?????????? ??? ??? ? ? ?
?????????? ?? ?? ?????????????????mm 400 600 800
?? ? ???????????? ???????10 / 60
????????????4.2.2
?????????????????????????????????????
??????????????? ??? ?????????Pleuroutus ostreatus H67
???? ?? ????????????????????????????121 15







??????? ???? ? ??? ? ??????? ???????pH 4 8 pH 6.0 1?
?????????????????????? ?????? ?????pH 300 ml
YMG 200 ml Yeast Extract 0.8g Malt Extract 4g Glucose 0.8g Ager 3g Dis-?? ?? ? ? ? ? ?
tilled Water 200 ml 0.1N HCl 0.1N NaOH pH 4.0 8.0?????? ??? ?? ??? ??
? ??????? ?? ??????????????? ?????0.5 121 15 20 ml
????????????????? ????????????? ?????20 4








????????? ?? ???????????????????????105 24
???????????????????????????????? ???YMG
?? ? ? ? ?????Yeast Extract 4g Malt Extract 20g Glucose 4g Distilled Water 1000 ml
? ? ? ? ??????? ?????? ???? ???????????? ?18 180 mm
????????? ?? ???????????????????????121 60






????? ?? ?? ?? ??????????50 60 70 80%
???4.2.4.2 pH
?????????????????? ????????????? ?pH 800 70








80 mm 80 mm 80 mm 400 600 800????? ? ? ?????? ???? ? ?? ? ? ? ?
Table 4 - 1?????? ?? ????????????????? ??????? ? ?
????????
??????? ? ? ?? ????? ???????60 mm 60 mm 60 mm YMG 1
3 1 65??????????????????????????? ? ???????
???????????? ? ? ??????????????80 mm 80 mm 80 mm
???????????? ?? ???????????? ?????121 60 YMG
????????????????????????????????? ??10 ml
- 52 -
????????? ?????? ?????????????20 70
Raw materials and preparative conditions of culture mediumTable 4 - 1
??????????4.2.5.2
?? ???????????????????????????? ????30 80
??????????????????????????????????????
? ???????????? ? ?????????????????????N- -1 4-
???????????????????? ? ? ? ?????5 6 7? ? ?Arima Tokimoto
0.2g 72??????????????? ???? ????????????? ?? ?
2.4 ml 26.5 24 55 ml 100??? ???? ?? ??????? ??? ????????
24 pH 6.0?? ???????????????????????????????
??? ???????? ????? ?????? ?? ?????1N pH 6.0 pH 100 30
?????????? ?????????????? ???25 ml Amberlite-IR120B
?????????? ? ?? ???????????? ???1 cm 15 cm 0.1N 2M2
??????????? ???????? ??????????????0.01M pH 6.0
? ???????? ? ???????????????????0.05M pH 9.0 100 ml
????? ????????????????????? ???Elson-Morgan 1ml
1 ml 0.5N 50 ml 1????????? ????????? ??????? ?????
ml 15 Ehrlich N,N'- -p-??? ?????? ????? ?????? ?? ????? ? ?
??????????? ?????? ???? ?????? ?0.8g 30 ml 30 ml 1 ml
??? ?????????????? ??????????60 525 nm
?????4.3
4.3.1 pH??????
?????? ? ?? ?? ??? ?????????????pH 4.5 8.0 0.5 pH






g/cm3     %   g
Used paper 100% 400℃ 0.09 68 96
Rice husks  20% 400℃ 0.11 63 96
Beer dreg 50% 400℃ 0.10 80 147
Used paper 100% 600℃ 0.08 83 134
Rice husks  20% 600℃ 0.07 81 95
Rice husks  50% 600℃ 0.08 89 225
Beer dreg 50% 600℃ 0.09 86 211
Used paper 100% 800℃ 0.10 83 144
Rice husks  20% 800℃ 0.08 87 180
Beer dreg 50% 800℃ 0.09 87 203
Sawdust of sugi - 65
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??????? ? ?????????? ????? ?Table 4 - 3 Fig. 4 - 1pH pH6.0
???????????????????????? ??????pH 1?
Change of pH before and after sterilizationTable 4 - 2
Approximate line of growth rate at various pHTable 4 - 3
? ?? ? ?Y: Mycelial growth mm X: Duration of cultivation days
Effect of pH on mycelial growthFig. 4 - 1













































???????????? ????????????? ?????23 Fig. 4 - 2?








Effect of moisture contents on mycelial growthFig. 4 - 2
Approximate line of growth rate at various moisture contentTable 4 - 4






0 5 10 15 20 25























??????????? ??????????? ???? ????pH pH 6.0 7.2
??? ???????? ???????????? ???????8.7 18 Fig. 4 - 3
pH6.0 pH7.2 1.5 pH8.7????? ????? ? ? ??????????Table 4 - 5 ?
????????????????????? ???????????????pH
????????????????????pH
Effect of pH on mycelial growthFig. 4 - 3
Approximate line of growth rate by pHTable 4 - 5
? ?? ? ?Y: Mycelial growth mm X: Duration of cultivation days
???????????????????4.3.3
?????????????????????????????????????
????????? ???????????? ?????????30 1g Table 4 - 6
?????????????????? ????? ?? ?? ? ?400 600 800 27 67
?????????????????? ??????????????????400
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Fig. 4 - 4?????????????????????????????????
????????? ??????????????????????????0.89






????? ? ??????24 41







Used paper 100% 400℃ 1.74 24
Rice husks  20% 400℃ 1.74 24
Beer dreg 50% 400℃ 2.13 30
Used paper 100% 600℃ 2.65 37
Rice husks  20% 600℃ 2.90 40
Rice husks  50% 600℃ 2.65 37
Beer dreg 50% 600℃ 2.74 38
Used paper 100% 800℃ 2.60 36
Rice husks  20% 800℃ 2.86 40
Beer dreg 50% 800℃ 2.96 41
Sawdust of sugi - 7.19 100
a) Index: : Ratio to  sawdust of sugi
- 57 -
Relationship between moisture contents and glucosamine contents of mediaFig. 4 - 4
Relationship between bulk density and glucosamine contents of mediaFig. 4 - 5














































































?????????????? ?????????????????? ?pH pH 6.0
??????????





??????????????????? ? ?1 53-71, 1982
??????????????????????? ? ?2 84, 1992
???????????????????? ? ?3 319-324, 2000
??????????????????????????????????????4
???????? ? ?20-22, 1991
?????????????????? ? ?5 54-55, 1990
? ? ??6 Arima,K. and T.Uozumi, . ,119 1967Agri.Biol.Chem 31
? ? ? ? ? ?7 Keisuke Tokimoto and Masaki Fukuda, , 1 , 1 5 1981Taiwan Mushrooms 5
????????????????????? ? ?8 94, 2000







???????????????? ? ???????????????2? Fig. 5 - 1?
?????????????????????????????????????
?????????????????????????????????Fig. 5 - 2
4 2????????????? ????????????????? ?????? ?
??????????????? ?3?
????? ?Schizomycetes
? ? ???? ?Slime mold
? ? ???? ? ?fungi Phycomycetes
???
? ? ????? ? ?Eumycetes Ascomycetes
???? ? ????? Basidiomycetes
????? ? ?? ?Mycomycetes Fungi Imperfeti
??????? ?Protobasidiomycetes
???? ?????? ? ?Heterobasidiomycetes
? ??????? Protohymenomycetidae
?????? ?????????????????
? ?? ? ?Homobasidiomycetes Hymenomycetidae
????????????
? ?Gasteromycetidae
















































????? ? ? ?????????????????????80 mm 80 mm 80 mm
???????????????? ??? ????????????400 mm 500 mm





2% Malt extract Malt extract 20g distilled water 1000 ml 300 ml???? ????? ? ??
???????? ??? ?? ???? ??? ??????? ?150 ml 121 15? ? ? ?
??????????????????????? ????????????H67
???????? ?? ???????????????20 20
????????? ?????? ?? ?? ???????Table 5 - 1 400 600 800
? ? ? ??? ?? ?????????? ?????????????????????
??? ? ? ???????????????????????2.5 mm 2.5 5.0 mm 2
??????????????????????????????????????
???????????? ? ???????????????????? ?1 1.15 65
?? ???????? ?????? ???????????????75 UM 450 ml
?????? ????????? ??? ? ??? ??????24g 65 150g 75 210g
? ? ???? ????? ??? ??? ??????? ?????????pH 6.0 6.8
???????????????? ?? ????????????????121 60
????????????????????????????????? ??5 ml
???
Pleurotus ostreatusTable 5 - 1 Substrates and preparative conditions in cultivation of
using crushed charcoal
????? ?????? ???????????????????????20 70
? ?mm 11 30 20 3 4??????????? ???? ????? ?? ? ??????
??????????????????????????????????????
??????????????????????????????????????
?? ????????????????????????????? ????1 30
30??????????????????????????????? ??????
???????????????????????????????? ?????2
Name of medium Substrates
Carbonization
temperature Size Moisture content pH
Number
of bottle
400S65 Charcoal from used paper 400℃ ～2.5mm 65% 5.79 5
400S75 〃 〃 〃 75% - 5
400L65 〃 〃 2.5～5.0mm 65% 5.98 5
400L75 〃 〃 〃 75% - 5
600S65 〃 600℃ ～2.5mm 65% 5.88 5
600S75 〃 〃 〃 75% - 5
600L65 〃 〃 2.5～5.0mm 65% 6.14 5
600L75 〃 〃 〃 75% - 5
800S65 〃 800℃ ～2.5mm 65% 5.92 5
800S75 〃 〃 〃 75% - 5
800L65 〃 〃 2.5～5.0mm 65% 6.26 5
800L75 〃 〃 〃 75% - 5
Used paper Used paper - - 65% 6.80 10
Sawdust Sawdust of sugi - - 65% 5.71 10
- 63 -
?????????? ?????? ????? ? ?? ??????14 95 350Lux 8 /
????????????????????????????????? ????8
?????????????????????????? ?? ???????50 48
??????????
?????????????5.2.1.3
600 60 mm 60 mm 60????? ??????????????????? ? ?
????????????????????????????????????mm
????????????? ?????????????? ? ?Table 5 - 2 18 26g
??? ? ?????????? ? ?????????????0.06 0.09g/cm 88 933
1 200g?????????????????????????? ????????
??????? ??????????????????????????????1
???????????????????????????? ? ???????3 1
? ???????????? ????? ???????????????????65
?????????????????????? ?????????????1.2 kg
?? ?? ??????????????????????????????121 60
???????????????? ?????10 ml
????? ?????? ????????????? ????? ??20 70 32 14
???? ????? ? ?? ???????????????????95 350Lux 8 /
?????????????????? ???????????????????8
????











g cm3 g/cm3 %
average 21 270 0.08 91 47
Charcoal max 26 309 0.09 93
min 18 221 0.06 88




??????? ????????? ????????????? ? ???1 1?? ??
?????????????? ????Table 5 - 3
?????????????? ???? ?????? ?? ?1 600 2.5 mm 75 9.0
??????????????????????????????????1.3 mm/
???? ??????????????????????????Tukey's HDS test
3.0 5.4 mm/ 400???? ? ????????????????????? ?????
???? ???????? ???????? ???????????2.5 mm 75 65
??????????????????????????????????????
?????????????????????????? ??????????400
??? ?? ????? ??????????????????????600 800 65
????????
???????????????????????? ? ????????18 0.7
???? ???? ? ???? ????????????????400 2.5 5.0 mm 75
??????????? ? ???????????????????????21 28
??? ?????????????????????? ? ???????30 48 58
??????????????????????????????????????
???????????????? ?? ?????? ???????600 2.5 mm 75
?????????????????????? ???????? ?Fig. 5 - 3 -0.69
?????????????????????????????
?????????????????????????????????????
?????????? ?????????????? ???? ??1.5 800 2.5 mm
??????? ?????????????????????????????75
??????????????????????????????????????
???????????????????????????? ??? ? ?65 88 89
????????? ??? ? ????????????????????75 89 91
??????????????????????????????????????
??????????????????????????????????????
??? ?????????????????????????????Fig. 5- 4 5?
??????????????????????????????????
?????????????????????????????????????
???????????????????????????? ????Table 5 - 4
? ? ? ????????? ????????? ? ??????????1 Welch's t-test
?????????? ?????????????????????Student's t-test
????? ????????????????????? ???Tukey's HDS test 65
- 65 -
? ?????????? ??????????? ????????????75 ?? ??
??????????????????????????????????????





? ? ? ?? ??? ????????????????????????????? ??
???????????? ????????????? ?????????pH pH10?
?????????? ???????????????????????????1
?????????????????????????? ??????????pH
pH 4 8 pH 6.0 pH 9.0?????? ? ? ?? ? ??????? ??? ????? ?11?





Effects of substrates and conditions on the mycelial growth, the period fromTable 5 - 3
fruiting induction to harvest and the weight of fruit bodies
a Mycelial growth per day from the 11th day of cultivation to the 30th day?
b Each datum represents the mean with standard error?
c Index: Ratio to sawdust of sugi?
** Significant at p 0.01 as compared with the datum on sawdust of sugi? ?
* Significant at p 0.05 as compared with the datum on sawdust of sugi? ?
Name of
medium
400S65 3.6 ± 0.3 0.89 26.3 ± 1.9 1.05 29.0 ± 1.7 1.23 3.2
400S75 3.0 ± 0.4 0.75 28.4 ± 1.8 1.14 31.6 ± 2.8 1.34 * 3.1
400L65 4.3 ± 0.5 1.08 23.2 ± 1.8 0.93 29.7 ± 2.0 1.26 3.4
400L75 4.7 ± 0.2 1.18 18.0 ± 0.3 0.72 ** 34.5 ± 1.2 1.46 ** 3.2
600S65 3.4 ± 0.4 0.86 26.8 ± 1.2 1.08 27.6 ± 1.7 1.17 3.2
600S75 9.0 ± 1.3 2.26 ** 23.0 ± 0.6 0.92 33.3 ± 1.1 1.41 ** 3.4
600L65 3.5 ± 0.5 0.88 25.6 ± 1.4 1.03 24.4 ± 1.2 1.03 3.0
600L75 4.5 ± 0.4 1.12 22.2 ± 0.5 0.89 34.9 ± 1.7 1.47 ** 3.5
800S65 3.9 ± 0.2 0.97 21.8 ± 1.0 0.88 24.0 ± 1.9 1.01 2.9
800S75 5.4 ± 0.3 1.35 21.2 ± 0.6 0.85 29.2 ± 1.4 1.23 3.2
800L65 4.4 ± 0.3 1.12 26.2 ± 1.2 1.05 29.4 ± 2.3 1.24 3.3
800L75 5.1 ± 0.2 1.29 20.8 ± 1.4 0.84 31.6 ± 2.3 1.33 * 3.0
Used paper 4.2 ± 0.1 1.06 17.7 ± 0.7 0.71 ** 35.0 ± 1.4 1.48 ** 3.6




to fruit (day)  
 b)












Relationship between mycelial growth and days after fruiting inductionFig. 5 - 3
Effect of charcoal conditions on the mycelial growth, the period from fruitingTable 5 - 4
induction to harvest and the weight of fruit bodies
a Each datum represents the mean with standard error?
**: Significant at p 0.01 as compared with the datum in each group?
































Moisture content 65% 3.9 ± 0.2 24.9 ± 0.6 27.3 ± 0.8
75% 5.3 ± 0.4 ** 22.3 ± 0.7 ** 32.5 ± 0.8 **
Charcoal size ～2.5mm 4.8 ± 0.5 24.5 ± 0.7 29.1 ± 0.9
～5.0mm 4.4 ± 0.2 22.7 ± 0.7 30.8 ± 1.0
400℃ 3.9 ± 0.2 23.8 ± 1.2 31.4 ± 1.1
600℃ 5.1 ± 0.6 24.4 ± 0.6 30.1 ± 1.2
800℃ 4.8 ± 0.2 22.5 ± 0.7 28.5 ± 1.1
Days after fruiting











Fruit bodies of on crushed charcoal medium.Fig. 5 - 4 Pleurotus ostreatus
Carbonized temperature 600 , Size of the charcoal 2.5 5.0 mm? ?




????? ????????? ???? ????????Table 5 - 5 Fig. 5 - 616
?????????????????? ? ???????????????24 0.55
? ?????????????????????? ?????????6.2 0.34g 2.7
?? ?????? ?? ???????????????????????12.9 5 1
??????????????????????????????????????
Fig. 5 - 7????????????????? ?????????????????
?????????? ?????????????????????????0.25













day g g %
　　　Charcoal  Average 24 232 6.2 2.7
SE 0.55 2.68 0.34 -
　　　Sawdust Average 20 420 53.98 12.9
SE 0.18 14.68 2.65 -
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Fruit bodies of on solid charcoal medium.Fig. 5 - 6 Pleurotus ostreatus
Relationship between bulk density and weight of fruit bodiesFig. 5 - 7































Relationship between moisture contents and weight of fruit bodiesFig. 5 - 8
???????????5.2.2.3
?????????????????????????????????????
?????? ?????????????????????????Fig. 5 - 9 10?
??????????????































Fruit bodies of on solid charcoal medium.Fig. 5 - 9 Pleurotus eringii

















?????????????? ????????????? ?????????15? 7
??????????????????????????????????????
? ? ????? ???????? ????????????????? ????6.5 16?
?????????????????????????
? ? ????????????2
FAO 1981 1990 1,463 ha 1990 1995???? ?? ??????????? ? ??? ?
???????? ? ?????????????? ?????????1,291 ha 17?



























?????????????? ??????????????? ?? ?1 cm 105 24
400 mm 500??????? ??????? ?????????? ??? ??? ? ? ?








?????????? ????? ? ?MMN Malt Extract 3.0g, Glucose 10.0g, NH4
HPO 0.25g, KH PO 0.50g, MgSO 7H O 0.15 g, CaCl 0.05g, FeCl 1.2 ml 1% ,2 4 2 4 4 2 2 3? ? ???
NaCl 0.025g, Tiamine HCl 100 mg, Distiled water 1,000 ml 300 ml 150?? ???????
ml 121 15 Malt Extract 3.0g, Glucose??? ?? ???? ??? ???????? ? ? ?
10.0g, NH HPO 0.25g, KH PO 0.50g, MgSO 7H O 0.15 g, CaCl 0.05g, FeCl 1.2 ml? ? ?4 2 4 2 4 4 2 2 3
? ??? ???1% , NaCl 0.025g, Tiamine HCl 100 mg, Agar 15g, Distiled water 1,000 ml
?????????????????????????????? ??????20
??????????????????????????????????????
????????????? ?????? ????? ?? ???UM 450 ml 121 30
??????????????????????????????????????
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? ?????????? ?????? ?????????????10 ml 23 70
??????????5.3.1.3.2
?? ? ???????????????????? ????13 10 Pinus thunbergii
???? ? ?????????????????????????? ???14 3 70
????????? ?????????????????????????30 mm
? ? ? ? ?????????? ??????? ???? ???? ??10 cm 7.5 cm 9 cm
???????????? ?????????????????????Table 5 - 6
Fig. 5 -????????? ???????????????? ????????? ?
????????? ??????????????????????????11 2
???????????????????? ??? ?????????????2 2
14 10????????? ??????????????????????????
???? ???? ???? ??? ??????, 10 10 1 5
Grouping of experimentationTable 5 - 6
?? ? ? ???
C + 15P. ?????????????????????
C + . 15R ???????????????????
C+MMN MMN 10????? ???????????
C 10?????????????
Control 15????????





?????? ???? ?????????????????????????2 24
? ?????????????????????????? ????????????
??????????????????????????????????? ?100
? ? ?????????????? ?? ??? ????????????????180
??????????????????????????????????????
??????????????????????????????????????
??????? ?? ?????????????????????????105 48
???????????????????????? ?????????????5







Fig. 5 - 12 14???????? ?????????? ??? ???????42 ? ? ?
????
????? ???????????????????????????????8
? ? ????????????????????????????????180 200
????? ???? ????????????????????12 250
? ????????????????????????????? ????????
?????? ?????????????????? ??????????180 24
??? ????????? ????????????250 340
??????????????? ????????????????? ?110 14
???? ????????????????????????????? ?130 24
??????????? ??????300
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Growth of trunk heightFig. 5 - 12





















































Growth of branch widthFig. 5 - 14
?? ? ? ???5.3.2.2 mycorrhiza






































998??????????????? ???????????????Fig. 5 - 16
? ? ? ? ?? ???????? ???? ????? ???? ????????43 mg 3
??????????? ??????????????????????????1
????? ? ?????????????????????????????17 19
????????????????????????????????????50
?????????????????????????????????
???????????????????? ????????????Fig. 5 - 17
? ? ????????????????? ??????????????333 37g 1




????? ????????????? ? ???????Fig. 5 - 19 72.9 9.7 mm
??????????????????????????????????????
??????????? ? ? ? ???????Fig. 5 - 20 21? 166 12 mg 24 1.1 mm
??????????????? ??????????????????????1
? ? ???????????? ??????????17 0.7 mm 1
??????? ??????????? ? ????? ??Fig. 5 - 22 499 43g 3.5
Fig. 5 - 23?????????????????? ??????????????1
? ? ???????????????? ???????????? ? ???? ?53 41
56 36 11???? ???????????????????????????? ??
????????????????????????????? ????Fig. 5 - 24











Weight of dried parts of plants in different conditionsFig. 5 - 16





































Length of root in different conditionsFig. 5 - 18





































Diameter of the base in different conditionsFig. 5 - 20














































Weight of dried leaves in different conditionsFig. 5 - 22



































Weight of dead and live leaves in different conditionsFig. 5 - 24
































??????????????????????? ? ???????????? Mn
?????????????????????????????????? ???P-
??????????????????????????????????????
??????????????? ?? ????????????????????? ?
? ?????????? ????????????????????????????































?? ? ??????????????????????Remazol brilliant blue R RBBR
Czapek-Dox 10 ml RBBR????????? ????????? ?? ? ?????28 31? ?




?????? ? ? ?????????????? ?? ?80 mm 80 mm 80 mm 105 24
400 mm 500??????? ??????? ?????????? ??? ??? ? ? ?






?????????????????????? ? ???????????3 5 mm
??????????? ?? ?? ???????????????????10 20 30
500 ml 121? ?????????????????? ???????? ???? ? ? ? ?
?? ????????????? ???????????????????30 PDA






? ??????????????????? ???????????3 5 mm 30
????????????????????????? ?? ???????121 30
PDA 20??? ?? ???? ???????? ???????????????? ? ? ?
?? ?????????7
??????????5.4.1.4.2
??????? ????????????? ?????????100 ml 1 mm 20g
? ????? ????????? ?????? ????? ???5 ml 2.5 ppm 2.0 ml
???????????????? ?? ????????????????121 30
5 ml???????????? ????? ??????????? ??? ??? ?? ? ?
??????????????????????????????????????





20 ml 100 ml 30?????? ?????????????? ?????????
??????????????????????????????????
???? ?????????? ?????????????? ? ?5 100 ml 1 1v/v
?? ???????????????????????????? ??50 ml 50 ml
??????????????????????????????????????
??? ?????????????????????50g
95 5v/v 5 ml Sep-pak Florisil Waters??????????????? ? ???? ?? ? ? ?
?????????????????????? ? ??? ???????9 1v/v 30 ml
???????????????????? ?????????????1 ml
? ? ??2
???????????? ???????????? ??????4 ml GC-7 AG
??????????????????????????????????????
????? ? ?FTD Flame thermionic detector
??????? ?250
????????? ?300










Pycnoporus coccineusFig. 5 - 26 Decolorization of RBBR by
????????????????????5.4.2.2
???? ????????????????????????????????3





Glucosamine contents in charcoal and rice brain mediumTable 5 - 7
Charcoal Rice brain Glucosamine contents






??? ??????????????? ????????Pycnoporus coccineus 2
??????????????????????????? ???? ?7 Fig. 5 - 27
??????????????????????????????????????
????? ??? ???????????????????????????100 7
??? ???????? ?????????????????????Fig. 5 - 28 7
?? ???????????????????? ?????????????70 38






????????????????? ???????Pycnoporus coccineus Fig. 5 - 29
??? ??? ??????????????????????? ?????1 36 4
???? ????????45
Growth of mycelia on the 7th day after inoculationFig. 5 - 27
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Change of ipconazole contents after inoculationFig. 5 - 28
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?????????????? ?????? ??????4 45
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??? ?????????? ?????????????????? ?280 380 600
??????????? ?????????????????????????15

















? ? ? ???????????? ??????????????? ??????? ??
? ? ?????????????????????????? ? ??1 m 250 400

















? ? ? ? ???????? ?????????????? ????????? ?? ??
?????????????????????????
?????????????????????? ?????????????pH
??????????? ?????????? ???? ??????800 1,000 7.5




















??????? ?????????????????? ?????????80 pH
????????????????????? ?????????????pH 6.0




????? ?????????????????????? ? ????20 600 800
????? ???????????????????????????????80
?????????????????????????????????????







??? ?????????????????? ??????????????180 3
????????
????? ??????????????????????Pycnoporus coccineus




































? ? ??? ?????????? ????????????????????????
?????????????????????????????????????
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??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????
- 97 -
? ?
?????????????????????????????????????
???????????????????? ?????????????????
??????????????????????????????????????
??????? ??????????????????????????????
????????????????? ???????????????????
?????????????????????????????????????
???????????????
?????????????????????????????????????
??????????????????????????????????????
